F lowering in NGI is affected by several factors, including cultivar, fertilization program, light intensity, temperature, and number of cuttings per pot (Banner and Klopmeyer, 1995) . Flower development in NGI is encouraged by higher light intensities [4000 fc (43,055.6 lx)] while light intensities below 3000 fc (32,291.7 lx) encourage stem elongation and reduced fl owering (Banner and Klopmeyer, 1995) . Growers are advised to reduce light intensities with shading if they want to keep NGI stock plants vegetative (Banner and Klopmeyer, 1995) .
However, plant nutritional requirements are believed to be higher under higher light intensities than under lower light levels (Joiner et al., 1981; Nelson, 1996) . For example, Conover and Poole (1990) suggest that fertilizer rates for foliage plants grown in full sun be increased by 50% over those being grown under 50% shade. However, NGI plants are extremely sensitive to high soluble salt levels in the growing substrate, and high fertilization levels result in poor growth (Banner and Klopmeyer, 1995) . It is important during low light periods not to overfertilize NGI. The general recommendation is to fertilize NGI plants with a constant liquid fertilizer application of 100 to 200 ppm (mg·L -1 L -1 L ) nitrogen (N) and increasing rates to 200 to 250 ppm of N as plants mature (Banner and Klopmeyer, 1995) . Using CRF is not recommended because they may raise substrate soluble salt concentrations to undesirable levels (Banner and Klopmeyer, 1995) . There is limited published data on optimal CRF rates of NGI plants. The purpose of this study was to determine the relationship between light intensity and CRF fertilization rate on growth and fl owering of two cultivars of NGI plants. 
Material and methods
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Ten replicate pots per cultivar, CRF, and light treatment combination were arranged in a split plot design with light level as the main plot and CRF rate as the sub-plot. For each cultivar, pots were completely randomized for the CRF treatments within each light level. Full-sun plants were grown on a bench set outside on black ground cloth, which covered an asphalt runway, while 55% and 73% shade plants were Seventy days after transplanting, plant quality rating of each plant was measured in May 2000 for Expt. 1 and in Mar. 2001 for Expt. 2. Plant quality was subjectively rated based on overall appearance and uniformity of fl owering using a scale of 1 to 5, where 5 = excellent; 3 = average; and 1 = poor. Any plant rated 3 or better was considered salable. Flower number also was determined at this time by counting the number of fully open fl owers showing color on each plant. For both experiments, shoots were cut at the surface of the growing substrate and dried at 140 °F (60.0 °C) for shoot dry weight determination. Substrate samples also were collected after harvesting the shoots to determine fi nal pH and EC. Immediately after collecting the samples, the substrates were extracted with distilled water using the saturated media extraction method (Warncke, 1986) . Final pH and EC were determined on the extracted solution using a pH/conductivity meter (Acumet model 20; Fisher Scientifi c, Pittsburgh).
Data were analyzed using analysis of variance and regression analysis (SAS Systems, SAS Institute, Cary, N.C.). Cumulative total radiation was measured every half-hour over a 24-h period. Regression analysis was performed within each light level to determine the relationship between the plant growth parameters measured (plant quality, shoot dry weight, and fl ower number) and fertilization rate for each cultivar. Results from the two experiments were combined because there was no difference between the experiments (Table 3) .
Results and discussion
For both cultivars, light treatment and CRF rate interactions were different for shoot dry weight and fl ower number (Table 3) . However, for both cultivars there was no difference in plant quality rating among the light levels (Table 3 ). Quality ratings of PBR and PO plants increased as CRF rate increased to approximately 16 lb/yard 3 with no further increases (Fig. 1, Table 4) . A minimum CRF rate of 4 to 6 lb/yard 3 produced salable quality plants (rated a 3 or better) for both cultivars (Fig. 1) .
Shoot dry weight of PBR plants grown in full sun increased as CRF rate increased to 28 lb/yard 3 and then decreased, while shoot dry weight of plants grown with 55% and 73% shade increased as CRF rate increased to approximately 20 lb/yard 3 , with no further increases with increasing CRF rates (Fig. 2, Table 4 ). Shoot dry weight of PO plants grown in full sun and 55% shade increased as CRF rate increased to 28 and 24 lb/yard 3 , respectively, with no further increases, while shoot dry weight of plants grown with 73% shade increased as CRF rate increased to 24 lb/yard 3 and then decreased (Fig.  3, Table 4 ).
Higher light levels usually result in higher photosynthesis rates and greater dry weight accumulation (Faust and Logan, 1998) . Larouche et al. (1989) reported that at lower photosynthetic photon fl ux, the vegetative growth of tomato (Lycopersicon esculentum) plants was limited and that plants did not respond to increasing nitrogen levels in the nutrient solution. Broschat (2002) also reported that higher fertilization rates were required in full sun to achieve optimum artillery fern (Pilea serpyllacea) quality compared to plants grown in shade.
PBR plants grown in 55% shade and full sun had, on average, more fl owers than plants grown in 73% shade (Fig. 2, Table 4 ). Flower number of PBR plants grown in full sun increased 
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as CRF rate increased to 28 lb/yard 3 and then decreased while fl ower number of plants grown in 55% shade and 73% shade increased as CRF increased to 24 lb/yard 3 and then decreased (Fig  2, Table 4 ). PO plants grown in 55% shade, on average, had more fl owers than plants grown in full sun or 73% shade (Fig 3, Table 4 ). Flower number of PO plants grown in full sun and 55% shade increased as CRF rate increased to 24 lb/yard 3 and then decreased while fl ower number of plants grown in 73% shade increased as CRF rate increased to 28 lb/yard 3 and then decreased (Fig  3, Table 4 ).
For both cultivars, the lowest fl ower numbers were on plants grown in 73% shade. This was expected because fl owering in NGI is encouraged at light levels between 4000 and 6000 fc (43,055.6 and 64,583.4 lx) (Banner and Klopmeyer, 1995) . The average light intensity for the two experiments was 3380 and 7515 fc (36,382.0 and 80,890.7 lx) , respectively, for 55% shade and full sun.
No differences were observed in fi nal substrate pH or EC values between the two cultivars or between the two experiments; therefore, these data were combined. There also was no difference in substrate pH or EC due to light intensity. Final substrate EC values for each light level increased as CRF application rate increased (Table   5 ). Judd and Cox (1992) , using a 1 soil :2 water extraction method, reported that growth of NGI was not negatively affected as long as EC levels do not exceed 875 ppm (1.25 dS·m -1 ). Similarly, Banner and Klopmeyer (1995) recommend that EC values range from 1050 to 1575 ppm (1.5 to 2.25 dS·m -1 ) using the saturated media extraction method. Our fi nal substrate EC concentrations ranged from 91 to 693 ppm (0.13 to 0.99 dS·m -1 ) ( Table  5 ). Although our fi nal substrate EC values are below recommended NGI soluble salt concentrations, we believe that nutrients were taken up by the plants as well as leached due to irrigation and rain events. When using CRF products for NGI production, recommended substrate EC levels may not be as reliable.
PBR and PO NGI growing in full sun required slightly higher fertilization rates than those growing in shade. For both cultivars, there were differences among the light levels in plant response to CRF rate. Salable quality plants were produced at all three light levels. However, higher light levels produced plants with more fl owers. Nonsignifi cant or signifi cant at P > 0.01, respectively. P > 0.01, respectively. P
